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A bstract 

The pre-zoea larval stage of Petrolisthes novaezelandiae Filhol, 1885 from Welling¬ 
ton Harbour, New Zealand, is described, together with observations on the exten¬ 
sion of the rostral process. 


Introduction 

Pre-zoea larvae were not obtained in plankton samples when the zoea and mega- 
lopa larvae of P. novaezelandiae were described previously (Wear, 1964a). The 
zoea and megalopa larvae were assigned to that species after rearing to the 
juvenile stages and comparing these with the adults. Pre-zoea larvae have been 
subsequently hatched from two ovigerous females obtained from Wellington 
Harbour on 3 August 1964. First stage zoea larvae reared from these pre-zoeae 
were identical to the planktonic specimens previously assigned to P. novaezelandiae. 
The larval life history of this species is now completely known. 

Materials and Methods 

The drawings and descriptions of the pre-zoea larvae are based on the study 
of about 60 larvae from both female crabs. The duration of the pre-zoea larval 
stage was determined in the laboratory by killing hatched larvae in 10% formalin 
solution every five minutes from the time of hatching. 

Nomenclature of the limbs and limb-segments and the diagrammatic repre¬ 
sentation of chromatophore colours are as in the previous paper (Wear, 1964a). 

Breeding 

Eggs freshly liberated from the ovaries are brick-red in colour, ovoid in shape, 
and measure 0.60mm x 0.40mm. When ready to hatch the eggs measure 1.00mm 
x 0.65mm, and are transparent with a pair of conspicuous black larval eyespots 
(Fig. 1). The smallest female crabs in berry (carapace width 3.2mm) carried 
between 50 and 60 eggs, and the largest females obtained (carapace width 12.0 
mm) carried about 300 eggs. 
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Fig. 1.—Mature egg within 2 or 3 hours of hatching. Fig. 2.—Pre-zoca larva, dorsal view. Fig. 3.—Pre- 
zoea larva, lateral view. Fig. 4.—First antenna of left hand side, ventral view. Fig. # 5.—Second antenna of 
left hand side, dorsal view. Fig. 6.*—Mandible of left hand side. Fig. 7.—First maxilla of left hand side. 
Fig. 8.—Second maxilla of left hand side. Fig. 9.—Fifth abdominal segment and telson, dorsal view. Fig. 10. 
—Pre-zoea larva 30 to 40 minutes after hatching. Fig. 11.—Pre-zoea larva 4 to 5 hours after hatching. 
Fig. 12.—Stage la zoea larva showing upwardly inclined rostrum immediately after its release from the cephalic 

attachment. 

Abbreviations Used in Figures 1-12.—abd.. abdomen; abd. seg. 5, fifth abdominal segment; an., anus; ant. 1, 
first antenna; ant. 2, second antenna; epee., carapace; endop., endopodite; exop., exopodite; eye, eye; lat. sp., 
lateral spine; mxpd. 1, first maxilliped; mxpd. 2, second maxilliped; post, sp., posterior spine; prot., proto- 
podite; p.z. cut., pre-zoeal cuticle; rost., rostrum; tel., telson. 
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Zoea larvae occur in the Wellington Harbour plankton all the year round 
(Wear, 1964a) and it is therefore probable that ovigerous females are continu¬ 
ally present, but more abundant in spring and summer when the greatest number 
of planktonic zoea larvae occur. 


Description of the Pre-zoea Larva 

The duration of the pre-zoeal stage under laboratory conditions (12.0° C.) 
varies between three and five hours. The larvae exhibit strong phototaxis but have 
no means of orientated locomotion and somersault by violent flexures of the 
abdomen and telson. 

The form of the larvae during the first ten to fifteen minutes is illustrated in 
Figs. 2 and 3. At this stage the larvae are completely enclosed in a delicate pre- 
zoeal cuticle except for the tip of the rostrum and the posterior carapace spines. 

Cephalothorax 

The protruding tip of the rostrum is folded back beneath the thorax and has 
six longitudinal rows of small spines as in the zoea larvae. Its greater length is 
invaginated and curled into an “ S ” shape beneath the carapace and above the 
mid-gut (Fig. 2). In living larvae this is easily recognised by its orange colouration. 
In all larvae examined the direction of flexure of this internal section of the 
rostrum was constant—i.e., from left to right in dorsal view (Fig. 2). The cara¬ 
pace is folded and wrinkled, especially posteriorly. The posterior carapace spines 
are only partly extended, not invaginated beneath the carapace, and are curled 
downwards and forwards below' the maxillipeds. Their basal ventral spines are 
not usually visible at this stage. The eyes are large, sessile and immovable. 

Cephalic Appendages 

The cephalic appendages are all surrounded by the pre-zoeal cuticle. The 
first antennae are unjointed and carry two long distal plumose processes and four 
smaller unarmed processes (Fig. 4). There is one long subterminal plumose pro¬ 
cess on the inner margin. 

The second antennae (Fig. 5) consist of an unsegmented protopodite bearing 
a slender exopodite and a bud-like endopodite. There are six long plumose pro¬ 
cesses along the medial and distal margins of the exopodite, and one large terminal 
process and one very small subterminal plumose process on the endopodite. 

The mandibles (Fig. 6), first maxillae (Fig. 7) and second maxillae (Fig. 8) 
are similar to those described of the stage la zoea larva (Wear, 1964a). Very short 
plumose setae fringing the first and second maxillae of the first zoea may protrude 
through the pre-zoeal cuticle which is without spines or processes. 

Thoracic Appendages 

The first and second maxillipeds are the only thoracic appendages developed 
in the pre-zoea. These are more or less pediform, have no natatory setae, and the 
covering pre-zoeal cuticle is without spines or protuberances. 

The fust maxillipeds (Fig. 3, mxpd. 1) consist of a coxopodite and longer 
basipodite bearing a five-segmented endopodite and an exopodite incompletely 
divided into two segments. Natatory setae are visible beneath the cuticle but do 
not protrude. 

The second maxillipeds (Fig. 3, mxpd. 2) differ from the first in having a 
four-segmented endopodite. 
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Abdomen 

The abdomen (Fig. 3, abd.) consists of five segments and a telson. The fifth 
segment is longer and more slender than the four proximal segments. The pre- 
zoeal cuticle surrounding the abdominal segments is without spines or setae, but 
the stout posterolateral spines seen on the fourth and fifth segments of the first 
zoea are visible (Fig. 3). 

The telson (Fig. 9) is spatuliform with a posterior central prominence, and 
bears one pair of non-plumose posterolateral processes between which are five 
pairs of long plumose posterior processes. Posterior telson setae of the first zoea 
larva are clearly visible beneath the cuticle (Fig. 9). The hair-like second telson 
setae of the first zoea are not seen in the pre-zoea. 


Chromatopliore Pattern 

The chromatophore pattern characteristic of the first zoea larvae (Wear, 
1964a) is present in the pre-zoea, and is indicated in Figs. 2 and 3. The tip of 
the rostrum and of each posterior carapace spine is coloured orange, and the in- 
vaginated section of the rostrum is also orange or orange-brown. Orange 
chromatophores are found in the labial-mandibular region, the first, second, third 
and fourth abdominal segments, and in the telson. The mid-gut region of the 
pre-zoea is not greenish as in the zoea larvae. 


Later Pre-zoeal Stages 

Between 30 and 40 minutes after hatching the larvae are similar to that 
illustrated in Fig. 10. The pre-zoeal cuticle still covers the carapace, cephalic 
appendages, thoracic appendages and abdomen, but does not cover the rostrum or 
posterior carapace spines. The rostrum is incompletely extended and held a short 
distance back from its tip between the cephalic appendages just in front of the 
eyes. Numerous fine rostral setae adhering to the pre-zoeal cephalic processes are 
probably sufficient to hold the rostrum in this position. The extended section of 
the rostrum is produced anteriorly in a large loop, while the centre section is 
still invaginated and sheathed by its proximal section to about the level of the 
eyes (Fig. 10). The posterior carapace spines are longer than in the newly 
hatched pre-zoea, but still procurved, and the proximal ventral setae characterising 
the first zoea (Wear, 1964a) are well defined (Fig. 10). Natatory setae on the 
first and second maxillipeds and posterior telson setae protrude through the pre- 
zoeal cuticle. 

By a gradual process taking three or four hours the rostrum and posterior 
carapace spines extend, the carapace straightens out posteriorly and the pre-zoeal 
cuticle is shed. 

About four to five hours after hatching larvae are similar to that illustrated 
in Fig. 11. The rostrum is completely evaginated but still forms a very large loop 
held distally between the cephalic appendages. The posterior carapace spines are 
almost fully extended, but still procurved. The pre-zoeal cuticle remains only pji 
the first and second antennae. 

Natatory setae of the first and second maxillipeds are well defined but only 
partly extended and non-functional. The posterior telson setae are still incom¬ 
pletely extended. 
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Within a few minutes of complete evagination of the rostrum the pre-zoeal 
cuticle is shed from the cephalic appendages, the rostrum is released from its 
subterminal attachment, and by a whip-lash action taking only ten to twenty 
seconds it curls upwards to the position illustrated in Fig. 12. By this time the 
gradual extension of the posterior carapace spines is complete, the first and second 
maxillipeds are natatory and functional, and the larva may be considered a stage 
la zoea. However it may take a further 30 to 60 minutes before the rostrum 
descends to a horizontal position and the posterior carapace spines extend out 
directly behind the carapace as characteristic of the zoea larvae. 


Discussion 

Known pre-zoea larvae of the family Porcellandiae are those of Porcellana 
longicornis, P. platycheles, and P. inequalis from Plymouth, U.K., described by 
Lebour (1943) Petrolisthes rufescens from the Red Sea described by Gohar and 
Kholy (1957) and P. elongatus from New Zealand described by Wear (1964b). 

Among these larvae the nature of the pre-zoeal cuticle is remarkably constant, 
but several differences are noted. The pre-zoeal antennules of Porcellana longi¬ 
cornis, P. platycheles and P. inequalis (Lebour, 1943, p. 723, fig. lb) and also 
of Petrolisthes rufescens (Gohar and Kholy, 1957, p. 188, fig. 5) have two large 
apical feathered processes with aesthaetes showing at the base and usually have 
a large lateral process in addition. Petrolisthes elongatus has three apical processes 
and one lateral process (Wear, 1964b). However, P. novaezelandiae differs from 
these in having two large apical processes and an additional three very small un¬ 
armed apical processes. 

The antennae show some variation in having five large feathered processes 
on the exopodite and a single process arising from the tip of the endopodite in 
Porcellana longicornis, P. platycheles and P. inequalis, and six exopodite processes 
and one endopodite process in Petrolisthes elongatus and P. rufescens. In the pre- 
zoea larva of P. novaezelandiae and a species from Samoa described by Gurney 
(1942) there are six exopodite processes and the endopodite has one apical process 
and a much smaller lateral process. 

The pre-zoeal telson is similar in all species described. 

Hence among described porcellanid pre-zoea larvae there are no features 
distinguishing those of the genus Porcellana from those of the genus Petrolisthes 
and the differences noted above are probably only of specific significance. 

Evagination of the rostral process in the pre-zoea larvae of Petrolisthes novae¬ 
zelandiae is a process of considerable interest. Serial sections of the invaginated 
portion of the rostrum showed two rings of chi tin, which suggests that the rostrum 
is not simply invaginated but doubled back on itself, and its hollow central cavity 
appears to be continuous with the coelom (Figs. 2, 3). When the pre-zoea 
hatches into sea-water from which it was previously isolated by the egg capsule, 
it is possible that water is either absorbed through the soft larval chitinous 
exoskeleton of the thoracic region, or there is active water transport by the rostral 
epithelial cells themselves. In either case turgor pressure could be built up 
sufficient to evaginate and extend the rostrum. When fully extended there should 
be sufficient tension in the looped rostrum to release its distal attachment and 
force it up to the position shown in Fig. 12. 
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This process of rostral evagination and extension of the posterior carapace 
spines which takes up to five hours to complete, is relatively rapid, and this is 
sufficient to suggest that ordinary growth processes are unlikely to be involved. 
Also these structures are considerably compacted in the pre-zoea and with a fine 
dissecting needle may be drawn out to the full length found in the first zoeal 
stage. 

It is also unlikely that the rostrum is pulled out from beneath the carapace 
by way of the cephalic attachment as there is no obvious musculature to effect 
this. Also in the pre-zoea larva of P. elongatus the rostrum is evaginated with¬ 
out the aid of a subterminal cephalic attachment at any stage. 

Lebour notes that the pre-zoeal rostrum of Porcellana longicornis, P. platy - 
cheles and P. inequalis is “crumpled up under the pre-zoeal cuticle” (Lebour, 
1943, p. 724) but makes no reference to its intrusion beneath the carapace. 
Williams (1944) examined the pre-zoea of Porcellana platycheles and showed that 
in this species the rostrum is invaginated under the carapace and is flexed into an 
“ S ” shape as in Petrolisthes novaezelandiae here described. 

The process of rostral evagination in porcellanid larvae has not been previously 
described, and from my observations on the pre-zoea larvae of New Zealand Pagu- 
ridae and also several species of Brachyura in which the carapace spines and 
lateral cornua of the telson are also evaginated from within the coelomic cavity, 
it appears likely that this process may be general for decapod pre-zoea larvae. 
However this evagination mechanism is restricted to processes of the cuticle hav¬ 
ing direct confluence with the coelom, and spines and setae articulating with the 
cuticle extend by way of normal growth. 
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